INTRODUCTION
Hypertension and diabetes are common diseases in the USA, affecting 30 and 12-14% of adults, respectively. 1, 2 Epidemiologic studies, based largely on surveys of self-reported health status, show that minorities, including Asian Americans and Hispanics, have a lower prevalence of hypertension and diabetes compared to other race/ethnic groups. 3, 4 Recent studies, however, have shown the contrary, with Asians and Hispanics having a high prevalence of diabetes. 2, 5 Based on these studies, it is important to study if racial and ethnic disparities in self-reported chronic diseases represent the true prevalence or underestimate the prevalence due to the lack of a diagnosis.
National governmental panels and specialty societies have made screening recommendations to identify patients with common medical conditions. [6] [7] [8] [9] The purposes of these screening recommendations are to identify high risk subpopulations and provide medical care to improve public health outcomes. Despite these screening recommendations, minorities have lower rates of screening and subsequently lower rates of awareness, treatment, and control of their diseases compared to non-Hispanic Whites. 1, 10, 11 In addition, anchoring on previous beliefs that some minorities, including Asians, have lower prevalence of common medical conditions may adversely affect the screening of these groups and potentially worsen disparities.
As different undiagnosed medical problems may arise from a common source of factors, we examined a range of chronic medical conditions (hypertension, diabetes, high cholesterol, and kidney disease) using data from the National Health and Nutrition Examination Survey (NHANES). We examined the association between the prevalence of undiagnosed disease and the presence of a routine healthcare provider and evidence of recent healthcare utilization. In addition, we examined the role of race/ethnicity in these associations, with Asian Americans as a distinct group, given evidence of distinct utilization patterns for Asian Americans.
METHODS

Data
We used data from the 2011-2014 NHANES, 12 a biennial nationally representative survey that contains self-reported information on socio-demographic background and health status, physical examinations, and laboratory tests. We used the last 2 cycles of the NHANES data because the survey only started identifying and oversampling Asians in 2011-2012.
Study Population
The data contains 19,931 participants. Our study cohort consisted of all survey respondents 18 years or older who (1) responded to survey questionnaires on health status, (2) underwent a physical examination with blood pressure and body mass index (BMI) measurements, and (3) had hemoglobin a1c (hgba1c), low-density lipoprotein (LDL), and creatinine laboratory measures. We excluded 7960 participants who were younger than 18 years old and 1568 participants with invalid/incomplete responses to the main covariates (six had missing sociodemographic characteristic variables, 1098 had invalid/incomplete physical examination, 461 had missing laboratory measures, and three had missing responses to healthcare utilization questions).
Primary Outcome
The main outcomes were undiagnosed hypertension, diabetes, high cholesterol, and kidney disease. We defined undiagnosed disease as having self-reported no previous diagnosis of a given disease, but having abnormal blood pressure measurements, laboratory test, or estimated physiologic rate at the time of the research interview and data collection. The discordance between the self-report and the evidence obtained at the time of the research exam defined the status of having an undiagnosed disease. Undiagnosed hypertension was defined as having systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg on physical examination with no history of hypertension. The physical examination data included 1 to 4 blood pressure readings done at a single visit; in cases of multiple readings, we used the average to identify elevated BP status. Among 10,403 participants, 9673 had three blood pressure readings, 692 had two readings, and 38 had only one reading. We defined participants as having a history of hypertension if they self-reported themselves as (1) having been diagnosed of high blood pressure by a doctor on two or more settings (Question: Are you told on two or more different visits that you had hypertension, also called high blood pressure?) or (2) having taken anti-hypertensive medication(s) (Question: Because of your high blood pressures/hypertension, have you ever been told to take prescribed medicine?). For other diseases, we defined participants as reporting a history of diabetes, high cholesterol, or kidney disease if they were told by a doctor or health professional that they have the diseases (Questions: Other than during pregnancy, have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes? Have you ever been told by a doctor or other health professional that your blood cholesterol level was high? Have you ever been told by a doctor or other health professional that you had weak or failing kidneys?). Undiagnosed diabetes was defined as having hgba1c ≥ 6.5%, while reporting no history of diabetes, undiagnosed high cholesterol was defined as having LDL ≥ 160 mg/dL while reporting no history of high cholesterol, and undiagnosed kidney disease was defined as having an estimated glomerular filtration rate (eGFR) less than 30 while reporting no history of kidney disease. 6, 9, 13 Estimated GFR was calculated using the Modification of Diet in Renal Disease (MDRD) equation. 14 
Race/Ethnicity
We used self-reported race/ethnicity and categorized the race and ethnicity indicators into five groups: nonHispanic Whites, non-Hispanic Blacks, Hispanics, Asians, and Others. We were not able to identify the ethnic backgrounds of Asians due to the lack of national origin information in the survey.
Covariates
We identified key sociodemographic, clinical, and healthcare utilization characteristics associated with differential risk of undiagnosed chronic conditions. For socio-demographic variables, we included gender, age, educational level, income status, and insurance. [15] [16] [17] [18] [19] [20] To adjust for differences in the prevalence of medical conditions among different age groups, we categorized age into four groups: 18-34, 35-49, 50-64, and 65+. Educational achievement was categorized into three groups: less than high school diploma, high school diploma or equivalent, and education higher than high school. Lowincome status was defined as family income ≤ 100% of the Federal Poverty Level. We also included BMI as a covariate due to BMI-specific screening recommendations for hypertension and diabetes. BMI was categorized into four groups: underweight (< 18.5 kg/m . For healthcare utilization characteristics, we examined whether participants reported a routine place to go for healthcare and whether they reported any healthcare visit in the past year.
The survey was administered in person at the participant's residence using a computer-assisted personal interviewing system. Respondents were offered the choice of being interviewed in English or Spanish using a questionnaire, and if either version of the questionnaire was not adequate, participants were provided with an interpreter.
Statistical Analysis
In all our statistical analyses, we incorporated the multistage stratification sampling design and sampling weights.
21 BOther^racial/ethnic group was included in all the analysis but not presented in the results due to the small number of participants (n = 313). To characterize the sample population by race/ethnicity, we compared the unadjusted prevalence of socio-demographic indicators, measures of healthcare utilization, and undiagnosed chronic diseases. We also compared the combined prevalence of chronic conditions including the undiagnosed rate along with the self-reported rate. The Holm-Bonferroni sequential method was applied to account for multiple comparisons. 22 To compare the prevalence of undiagnosed chronic conditions while accounting for differences in the covariates, we estimated two multivariate logistic models with an indicator of undiagnosed condition as the outcome. In the first model, we adjusted for socio-demographic indicators, and in the second model, we also adjusted for healthcare utilization indicators (having a place for routine healthcare and having any healthcare visit within the past year). We performed sensitivity analysis to examine the prevalence of undiagnosed high cholesterol using lower thresholds (LDL ≤ 130) (Appendix A online). We also examined whether limited English proficiency was associated with the likelihood of undiagnosed diseases, particularly among Asians and Hispanics. Participants were identified as having limited English proficiency if they used the Spanish questionnaire or an interpreter for the survey interview.
All statistical analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC. USA). The Boston University IRB reviewed and exempted the study.
RESULTS
The study sample of 10,403 was categorized into five groups (weighted percentages): non-Hispanic Whites (66.6%), non-Hispanic Blacks (11.1%), Hispanics (14.5%), Asians (5.0%), and Others (2.7%). There were significant differences in sociodemographic, clinical, and healthcare utilization characteristics among the different racial/ethnic groups (P value for chi-square test of similarity of rates across race/ethnic groups all less than 0.01) ( Table 1 ). There were significant differences in the percentages of racial/ethnic groups with low income and no insurance (low income Whites = 10.9%, Blacks = 30.9%, Hispanics = 31.7%, Asians = 13.6%; no insurance Whites = 12.4%, Blacks = 24.7%, Hispanics = 42.4%, Asians = 17.7%). There were also significant differences in the percentages of groups with healthcare utilization (having a routine place for healthcare Whites = 87.2%, Blacks = 87.0%, Hispanics = 71.3%, Asians = 78.9%; having a healthcare visit within the past year Whites = 88.1%, Blacks = 85.7%, Hispanic = 72.4%, Asians = 79.9%). Table 2 shows the clinical characteristics by race and ethnicity. Among Asians, the majority (55.8%) had normal BMI, whereas, in other groups, the majority of the participants were overweight and obese. There were significant differences in the prevalence of self-reported histories of hypertension, diabetes, and high cholesterol among the different groups. There were also significant racial/ethnic differences in the percentages of participants with elevated blood pressure on physical examination, hgba1c on lab, calculated estimated GFR, and subsequently in the prevalence of undiagnosed diabetes and kidney disease.
After adjusting for covariates ( The logistic regression also adjusted for gender, age group (18-34, 35-49, 50-64, and 65+), education (less than high school, HS or equivalent, and higher than HS), low income, and insurance *P value < 0.05 conducted a sensitivity analysis, adjusting for limited English proficiency (Appendix B online). We found 0.3% Whites, 0.4% Blacks, 43.4% Hispanics, and 19.2% Asians to have limited English proficiency. When limited English proficiency was included in the analysis, Asians no longer had an increased likelihood of having undiagnosed hypertension and Hispanics no longer had an increased likelihood of having undiagnosed diabetes compared to Whites. Lastly, using participants' self-reported diagnosis and our observed rate of undiagnosed diseases, we estimated the national prevalence of chronic medical conditions (Fig. 1) . There was a significant difference in the prevalence of kidney disease among different racial and ethnic groups after accounting for the prevalence of undiagnosed diseases.
DISCUSSION
Using nationally representative data, we found significant racial/ethnic differences in the prevalence of undiagnosed hypertension, diabetes, and kidney disease. Asians had an increased likelihood of having both undiagnosed hypertension and diabetes, while Blacks and Hispanics had a higher likelihood of having undiagnosed diabetes compared to nonHispanic Whites after adjusting for sociodemographic characteristics and BMI. These findings persisted even after adjusting for having a place for routine care and having a healthcare visit in the past year.
There are several plausible explanations for minorities having an increased likelihood of undiagnosed medical conditions. For Asians, anchoring on this belief that Asians have low prevalence of certain common medical conditions, including hypertension and diabetes 3, 4 , a smaller percentage of Asians may have sought to screen for these common diseases, and among those who had healthcare visits, their healthcare providers may have had higher thresholds to screen for them. Another possibility is that the prevalence of these common diseases may differ with acculturation, specifically with the adoption of a Western diet. 23 As immigrant populations adapt to the Western culture, their new disease-risk may have become similar or even higher than the overall US population. 24, 25 Our analysis examining healthcare utilization characteristics showed that Hispanics and Asians may not be utilizing healthcare and thus place them at an increased risk of not having appropriate screening. This pattern of low healthcare utilization is pervasive and includes low cancer screening among adults and healthcare visits among children. 26, 27 This is especially contradictory to Asians, who have favorable sociodemographic characteristics, including high percentages of Asians having high educational achievement, middle-high income, and health insurance. Lastly, recent studies have shown that Asians have a higher percentage of body fat for given BMI, resulting in a higher risk of developing diabetes at lower levels of BMI. 28, 29 Our study identified other characteristics of undiagnosed diseases related to insurance and healthcare utilization. Despite guidelines recommending diabetes screening among obese patients, 30 we found that individuals who were obese had a sevenfold increased odds of having undiagnosed diabetes. Having no insurance was associated with an increased likelihood of having undiagnosed diabetes and high cholesterol. A diagnosis of hypertension can be more conveniently done using blood pressure machines available in public settings (e.g., drug stores and supermarkets), independent of insurance. In contrast, a diagnosis of diabetes requires laboratory tests or a glucometer, which are less accessible. Additionally, a healthcare visit in the past year was associated with decreased odds of having undiagnosed hypertension and diabetes. As blood pressure and diabetes screening are commonly done during healthcare visits, this supports our study's finding. Interestingly, having a routine place for healthcare was associated with the diagnosis of high cholesterol, but having a healthcare visit in the past year was not. One possibility is that additional laboratory testing, such as lipid screening, is done during routine healthcare visits, as abnormal lab findings require follow-up visits.
Our analysis to address limited English proficiency as a factor in the diagnosis of medical conditions showed that limited English proficiency was associated with a diagnosis of diabetes. Also, adjusting for limited English proficiency resulted in the mitigation of differences in the diagnosis of hypertension among Asians and the diagnosis of diabetes among Hispanics compared to Whites. This showed that differences in the diagnosis arose from limited English proficiency in certain situations, and improving patient-physician communication by utilizing interpreters could potentially increase the diagnosis of these medical conditions.
We believe that the basis of screening for these common medical conditions is multifactorial. For common diseases such as hypertension, there is wide acceptability of existing guidelines. For high cholesterol and kidney diseases, guidelines exist, but there are conflicting recommendations regarding which population should be screened and significant variations in the target screening group. 8, 31 Additionally, screening may be influenced by the prevalence and comorbidities associated with these diseases. Hypertension, a comorbid condition for various medical conditions, has resulted in an increased awareness and diagnosis of common diseases. Lastly, the national estimate of undiagnosed diseases can be influenced by the use of confirmatory diagnoses. For diabetes, the prevalence of undiagnosed diabetes differs significantly based on whether a single laboratory measurement is used versus a confirmatory diagnosis (either presence of overt symptoms or second blood sample test). 5 There are several limitations to this study. We used retrospective cross-sectional data; therefore, the findings do not indicate a causal relationship between race/ethnicity and undiagnosed medical conditions. Also, not all variables of interest were available. Information on the types of healthcare visits would help differentiate healthcare seeking behaviors among different groups. For example, if minorities are more likely to seek urgent or emergency care, a potential implication of the study is to promote preventive visits. Another limitation arises from having blood pressure measured in a single setting; this may have led to an over-estimation of undiagnosed hypertension. Also, although we adjusted for limited English proficiency, we were not able to adjust for health literacy, which is a more accurate measure of a patient's understanding of health information. In addition, we used self-reported information, which could result in the underreporting of medical conditions and medical diagnosis based on comorbidities (e.g., Atherosclerotic Cardiovascular Disease risk or proteinuria). However, studies found that patients diagnosed with hypertension are at least fairly accurate.
32-34 Lastly, we were not able to identify subgroups of Asians due to the lack of such information. Currently, there are a very limited number of national data sources that identify the national origin of Asians. A study using state-wide data found differences in the prevalence of these common diseases among different subgroups, 35 and thus, there is a need for data collection on ethnicity at the national level.
There is a public need for improving screening by developing disease-specific outreach programs to improve population health outcomes. Our study found other factors associated with the diagnosis of medical conditions, including not having insurance, being obese, and belonging to a certain age group. By targeting high-risk groups or improving access to healthcare in general, more patients could be aware of their diseases. These preventive measures can result in significant population-level health benefits. 36 In summary, we found an increased risk of undiagnosed medical conditions among minorities; Asians had higher rates of undiagnosed hypertension and diabetes, and minorities had higher rates of undiagnosed diabetes compared to nonHispanic Whites. As our study showed that minorities have a higher prevalence of undiagnosed medical conditions, reliance on self-reported data and conclusions that have been derived from such work will need to be reevaluated. Future studies should examine the potential sources of these disparities, including the lack of screening 37 arising at least in part from perceptions that Asians are less likely to have hypertension or diabetes.
